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↑ What is "already known" in this topic: {#box1}
========================================

*Acinetobacter baumannii* infections in burn patients may lead to a lag in wound healing, graft losses, and development of septicemia. Furthermore, prevalence caused by multidrugresistant *A. baumannii* (MDRAB) is difficult to control and have fundamental morbidity and mortality, especially in the vulnerable hosts.

→ What this article adds: {#box2}
=========================

The current data indicated a high rate of resistance among A. baumannii isolates from burnt children. Since therapeutic options are limited for multidrug-resistant *A. baumannii* infections, finding new strategies for preventing healthcareassociated transmission of multidrug-resistant *A. baumannii* infections is urgent.

Introduction {#s1}
============

*Acinetobacter baumannii* induced nosocomial infections, caught during hospitalization, have emerged as a serious worldwide problem, especially among immune-compromised, burnt and ICU (intensive care unit) patients ([@R1]). Multidrug resistance among the *hospital* strains *of this species has made it cumbersome, with immediate risk to the public health, to treat* *A. baumannii* *infections such as* bacteremia, meningitis, pneumonia, and urinary tract infections ([@R2]).

MDR has been determined by European Center for Disease Prevention and Control (ECDC) and Center for Disease Control & Prevention (CDC) as the accumulated non-susceptibility to at minimum one factor in three or more antimicrobial classes ([@R3]). XDR has been specified as non-susceptibility to at minimum one factor in every but two or fewer antimicrobial classes (i.e., bacterial isolates subsist susceptible to only one or two antimicrobial classes). PDR has been specified as non-susceptibility to all factors in all antimicrobial classes ([@R4]). According to a previous study regarding the high prevalence of MDR, XDR and PDR strains of *A. baumannii* among Iranian patients ([@R5]), the current study was performed in order to monitor any increases in resistance among these isolates.

Methods {#s2}
=======

Clinical Sampling and Bacterial Identification {#s2-1}
----------------------------------------------

This short-term cross-sectional study was performed in Shahid Motahari Burns Hospital, Tehran, Iran from 15^th^ April to 15^th^ July 2016. Totally, 115 isolates were studied from burn wound infections of inpatients involved in burning with different burn levels and identified by conventional methods ([Fig. 1](#F1){ref-type="fig"}). The tissue culture was performed based on previously confirmed protocol ([@R5], [@R6]).
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Briefly, biopsy samples were collected by 3 mm punch tissue with a weight between 0.02 and 0.05 gram. In order to prevent tissue samples desiccation during transportation, the biopsy samples were then placed on a non-bacteriostatic moistened sterile gauze pad within a sterile container. The biopsy samples were cut into small pieces and homogenized by a homogenizer (BioMaster-Stomacher, Sewerd, England). The suspension was serially diluted and 0.1 cc sample was inoculated on 5% defibrinated sheep blood Columbia agar, Eosin Methylene Blue agar and Chocolate agar, and incubated at 37 °C for 24 hours. Standard microbiological tests in the laboratory were used to determine the isolates including Oxidase (negative), TSI (non-fermentative), Lysine decarboxylase (negative), lysine decarboxylase (positive), arginine hydrolase (positive), growth in 45 °C, Gelatin hydrolysis (positive), hydrolysis of esculin agar, reduction of nitrate, production of acid from glucose in OF media, hemolysis reaction on blood agar. Bacterial strains were preserved in Trypticase Soy Broth (TSB) with 20% *Glycerol* ([@R7], [@R8]).

Antibiotic Susceptibility Tests {#s2-2}
-------------------------------

The disk diffusion method was used in order to detect antimicrobial susceptibility in clinical isolates of *A. baumannii* *conforming to the Clinical* and Laboratory Standards Institute (CLSI 2018) instructions ([@R9], [@R10]). The following antibiotics disks from MAST Categories Ltd., Merseyside, UK, were used: Ciprofloxacin (CIP, 5 𝜇g), Amikacin (AK, 30 𝜇g), Gentamicin (GM, 10 𝜇g), Cefepime (CPM, 30 𝜇g), Meropenem (MEM, 10 𝜇g), Imipenem (IMI, 10 𝜇g), Ceftazidime (CAZ, 30 𝜇g), Levofloxacin (LEV, 1 𝜇g) and Piperacillin/Ttazobactam (PTZ, 10 𝜇g). Then, the determined *A. baumannii* isolates were tested for Colistin susceptibility by minimum inhibitory concentrations (MIC). *Pseudomonas aeruginosa* ATCC27853 and Escherichia coli ATCC 25922 were used as a control for the susceptibility tests.

First, *A. baumannii* strains were cultured on TSB and incubated at 37˚C for 24 hours. Subsequently, the turbidity of 0.5 McFarland standards was used as a standard method and the bacterial suspension was adjusted with it. The sterile swabs were plated on Mueller-Hinton agar (MH agar) and antibiotic disks were placed on the plate and incubated at 37 ˚C for 24 hours.

MDR and XDR in *A. baumannii* isolates were defined according to new standardized international document ([@R11]), by the results of antimicrobial susceptibility of *P. aeruginosa* to all antimicrobial agents listed in [Table 1](#T1){ref-type="table"}.

###### Antimicrobial drug categories and agent proposed for characterization of MDR, XDR and PDR in A. bumannii ([@R7])

  -------------------------- ---------------------------- --------------------------------- ---------------------------
  Antimicrobial categories   Multi-drug resistant (MDR)   Extensively-drug resistant(XDR)   Pan\--drug resistant(PDR)

  \                          \                            \                                 \
  \                          Resistance to at least\      MDR\                              XDR Acinetobacter\
  Definitions                Three class of drug:\        Acinetobacter\                    +\
                             1) Cephalosporins\           +\                                Resistance to Polymyxins
                             2) Fluroquinolons\           Resistance to carbapenems         
                             3) Aminoglycoside                                              

  Therapeutic\               Carbapenems\                 Polymyxins\                       \
  Options                    Polymyxins                   Tigecycline                       Combinations
  -------------------------- ---------------------------- --------------------------------- ---------------------------

Antimicrobial susceptibility of colistin against *A. baumannii* isolates was investigated by the minimum inhibitory concentration (MIC) method. Colistin sulfate (Sigma-Aldrich, St. Louis, MO, USA) was tested over a range of dilutions (64-0.5μg/ml). For this purpose, 100 μl colistin sulfate (diluted in water) 128 mg/ ml were added to 96-well U bottom microplates. In the following 10μl of bacterial suspension containing 1.5 × 10^5^, CFU/ml of cells was added to wells with serially different concentrations of colistin. In the end, the microplate was incubated in ambient air at 37 °C for 24 h. The breakpoints of The Clinical and Laboratory Standards Institute (CLSI) were applied as references ([@R12]).

Results {#s3}
=======

Sixty-two (54%) of bacterial isolates were distinguished as *A. baumannii* by means of standard microbiological tests in the laboratory. The mean age was 4.8±3.5 years, including 34 (55%) males and 28 (45%) females. Two patients involved with PDR strains died (one male and one female).

According to antimicrobial susceptibility test, all isolates were resistant to ceftazidime (n=62, 100%), and then after ceftazidime, the most antibiotic resistance was related to ciprofloxacin (n=50, 81%). Least antibiotic resistance was related to levofloxacin (n=12, 19%). The rates of other antibiotic resistances are shown in [Chart 1](#F1){ref-type="fig"}.
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Moreover, the rate of antibiotic resistance to colistin was determined using MIC and elucidated in [Table 2](#T2){ref-type="table"}.

###### MIC value of colistin in the isolated *A. baumannii* PDR strains of Shahid Motahari Burn Hospital

  ---------------- ------------------ --- --- --- ------------
                   Killing activity               Total
  MIC value        0.5                2   4   6   \-
  No. of strains   0                  0   7   2   9 (14.5 %)
  ---------------- ------------------ --- --- --- ------------

Consistent with definition of MDR, XDR and PDR strains ([@R7]), in this study, 36 (58%) out of 62 isolates were recognized as MDR, 17 isolates (27.5%) as XDR and nine (14.5%) isolates were as PDR among 62 clinical isolates of *A. baumannii* isolates from patients in Tehran, Iran.

Discussion {#s4}
==========

The presence of highly resistant bacteria, including MDR, XDR and PDR in hospitals, especially in intensive care units (ICU) and burn centers is a major threat to the treatment of patients worldwide. These bacteria are able to cause nosocomial infections and continue to impose serious challenges to clinicians' empirical and therapeutic decisions to treat burnt patients ([@R13], [@R14]).

Outbreaks of MDR, XDR and PDR strains of *A. baumannii* are currently reported worldwide. Custovic et al. treated 855 patients in Bosnia and isolated 54 *A. baumannii* strains from 105 nosocomial infections. With an incidence of 51.4% (54/105), it was the predominant cause of infection among the patients. Most of these strains were resistant to most antibiotics except tobramycin (87%; 47/54) and colistin (100%; 54/54) ([@R2]). Some of the antibiotic resistance percentages in Custovic's study were similar to those in our study. The resistance rates of *A. baumannii* strains respectively found in Custovic's and our study included piperacillin/tazobactam 98.1% (65%), ciprofloxacin 96.2% (80%), ceftazidime 94.4% (100%), cefepime 92.6% (50%), amikacin 92% (60%), meropenem 88.9% (50%) and gentamicin 60.4 % (70%). The percentages in brackets are related to our study.

Hojabri et al. collected 71 *A. baumannii* strains and analyzed them by reiterative extragenic palindromic PCR (rep-PCR), multi-locus sequence-based typing and an updated sequence group multiplex PCR. Sixty-seven (94.4%) out of the 71 isolates were resistant to at least three antibiotic classes and were considered as MDR. Sixty (84.5%) isolates were resistant together amikacin and carbapenems. About 65 (91.5%) were determined resistant to gentamicin and also 67 (94.4%) were resistant to both cefepime and ceftazidime ([@R8]). In contrast to our study which found PDR and XDR as well as MDR *A. baumannii* isolates, Hojabri only found MDR strains among the isolates. Another report from Iran ([@R15]) showed that out of the 60 *A. baumannii* isolates, 57 (95%) were MDR and 11.6% of the total strains were colistin-resistant (compared to 14.5% colistin-resistant in the current study). Moreover, results of the disk diffusion method showed that *A. baumannii* isolates had the highest resistance rate against gentamicin and ciprofloxacin (100% resistance) and the lowest resistance rate against imipenem (83% resistance). In our study, the resistance rates against gentamicin and ciprofloxacin were 70% and 80%, respectively.

In this study, out of the 115 clinical *A. baumannii* strains isolated from burnt children in Tehran, Iran, 36 (58 %) were recognized as MDR, 17 (27.5 %) as XDR and nine isolates (14.5%) as PDR. There are a few published pieces of literature reporting multidrug resistance among clinical isolates of A.baumannii in Iran and, to our knowledge, our study is the first report of such isolates among burnt children.

A more detailed study of molecular pathogenesis and mechanisms of antibiotics resistance among XDR and PDR strains is critical to overcoming challenges facing the treatment of such isolates. Furthermore, the discovery and development of new therapies and precise administration of the existing antimicrobial regimens based on antibiotics susceptibility tests will certainly reduce the high prevalence of resistant strains ([@R16], [@R17]).

Conclusion {#s5}
==========

The current data indicated a high rate of resistance among Acinetobacter baumannii isolates from burnt children. Since remedial choices are limited for multidrug-resistant *A. baumannii* infections, the finding and expansion of novel remedies, well-controlled administration of the antimicrobial diets, as well as a greater emphasis on strategies of preventing healthcare-associated transmission of multidrug-resistant *A. baumannii* infections are urgent.
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